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Abstract 
In a world marked by war and terrorism, the Department of Defense has found an 
increasing need for the use of unmanned ground vehicles (UGV) to facilitate the safety of its 
soldiers in the battlefield. UGVs can be used for scouting and surveying enemy territory instead 
of placing soldiers at risk. In response to this matter, the objective of this report is to propose a 
design for a microcontroller based vehicle that can give the user feedback on the environment. 
We propose to implement a camera sensor on a vehicle that will be used to track and follow a 
marked line on the ground. Additional information including direction and speed of the vehicle 
will be recorded using magnetometer and accelerometer sensors, respectively. The direction 
information is needed to give the user an idea of the vehicle’s orientation. The speed information 
is needed to control the response of the motors based upon the type of ground topography (e.g. 
sloped surface vs. flat surface). The goal of the project is to implement the combination of these 
three sensors (camera, magnetometer, and accelerometer) for better control of the vehicle in its 
environment. The intended deliverable will be a small vehicle powered by a rechargeable battery 
and controlled by the ATMega16 microcontroller. The vehicle will also contain the 
accelerometer, magnetometer, and camera sensors. 
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I. Introduction 
A. Problem Background 
This project is a continuation of a 2002-2003 Senior Design under the guidance of Dr. 
B.C. Chang. The project involved a vehicle that followed an assembled line path (i.e., a line that 
is made of black electrical tape). The vehicle, made by Lynxmotion, was a 4-wheel robot basic 
kit with four 7.2 VDC 50:1 motors (Appendix E). The vehicle utilized a line sensor (Lynxmotion 
Line Tracking Sensor) that consisted of an array of three integrated circuits, each composed of a 
LED and an infrared detector. Signals from these sensors were fed back to an Atmel AT90S8515 
microcontroller. The information was processed and an appropriate motor feedback control was 
applied to guide the vehicle along the line. Another objective of last year’s design was obstacle 
avoidance. This was achieved by implementing sonar sensors on the front of the vehicle. This 
was the only vehicle guidance system that was used in the vehicle design. 
B. Problem Statement 
Issues concerning the previous year’s design involved the line following algorithm and 
obstacle avoidance. One problem was that the vehicle did not provide feedback for velocity and 
acceleration. For a real world application, the vehicle will encounter different kinds of terrain 
variations causing fluctuations in velocity and acceleration. The issue with the line following 
sensor is that its functionality is limited to following a marked line. The vehicle’s motion in line 
following was not smooth because the three infrared line following sensors were implemented 
using Boolean, or on-off control, causing the vehicle motion to become very “jerky” as it moved 
along the line. The problem with sonar sensors is that the information received is limited in its 
functionality. It only determines whether or not an obstacle is present in front of the vehicle. The 
vehicle was able to sense the obstacle from the sonar sensors and would stop before hitting it, but 
it could not maneuver around the object. Another problem was that the vehicle did not provide 
feedback for direction. Direction is an important component to inform the user where the vehicle 
is moving. 
C. Design Constraints and Feasibility Study 
As is the case with many design projects, our design will encounter various constraints. 
Several important issues to address are: (1) Integrating the accelerometer and magnetometer 
sensors to work with the ATMega16 microcontroller. In this case, the constraint is the high cost 
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of the magnetometer sensors due to its complexity and small size. (2) Integrating the camera 
sensor to work with the ATMega16 microcontroller. A camera sensor would involve the 
background of image processing. The problem at hand is to figure out how to relay the camera 
sensor data to the computer for processing and then sending the data back to the microcontroller 
(on the vehicle) for proper reactions to the environment. (3) Creating a graphical user interface to 
read sensor data. An interface needs to be created to accommodate functionality as well as ease 
of use. This will involve learning how to use a programming language such as Microsoft Visual 
Basic. 
In spite of the constraints, the project is still feasible due to the resources available to the 
design. Resources such as the software and hardware in the MEM controls department allow the 
progress of this type of research. On-going research from Dr. Chang and his teaching assistants 
have provided up-to-date and cost effective equipment. Furthermore, the current availability of 
materials required for the project (vehicle chassis, microcontroller, sensors, electrical 
components, tools, and software) facilitates economic feasibility due to a significant reduction of 
the total cost to the project. 
D. Related Work 
Current research has revealed that there are various projects relating to line following 
using camera sensors and computer vision. One such project has been performed by the Robotics 
Institute at Carnegie Mellon Institute. This project involves a sensor called CMUcam Vision 
Sensor which can track the position and size of a colorful or bright object [1]. There has also 
been research in the area of visual control in autonomous vehicle following. Researchers from 
Texas A&M University have looked into the problem of vehicle-following using automatic 
steering and speed control. They also presented a model of their visual control system that 
involved image processing, recursive filtering, and command generation [2]. 
There has also been research in the area of wireless data links and control algorithms for 
remotely controlled vehicles. The University of Illinois has been working on a design to 
implement reliable two-way wireless communication between a control system and a remotely 
controlled vehicle with an attached camera. Their objective was to use this system in future 
control systems labs. 
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II. Statement of Work 
A. Method of Solution 
Enhancements will be made to the previous year’s design to account for the issues 
mentioned in the Problem Statement section. The proposed design will re-use the Lynxmotion 
vehicle chassis and the project objective is to add three new capabilities to the vehicle: (1) 
Acceleration and velocity feedback (2) Direction and orientation feedback (3) Object tracking. 
To perform the stated functions, the design will comprise of five key components: 
1. ATMega16 Microcontroller 
2. Accelerometer 
3. Magnetometer 
4. Camera Sensor 
5. Program Software 
ATMega16 Microcontroller 
The microcontroller will be upgraded from an Atmel AT90S8515 microcontroller to an 
Atmel ATMega16 microcontroller. The ATMega16 has two times the clock speed and a built-in 
analog-to-digital converter (Appendix G). The microcontroller will play a vital role in processing 
the data coming from the accelerometer, magnetometer, and camera sensor. 
A discrete 1.75” x 2.75” circuit board will be created containing the ATMega16 
microcontroller and its operating components such as power supplies and clock. This small 
circuit was designed to fit into the compact vehicle. A 6-pin header will also be on this board so 
that programming can be done via ribbon cable from the STK500 development board. This was 
done to eliminate moving the microcontroller chip from the STK500 board to our circuit board 
during programming. The STK500 is a microcontroller development board made by Atmel for 
use on their microcontrollers. It contains digital I/O ports and a RS-232 interface to PC for 
programming and control [3]. 
Contact pins connected to all of the microcontroller signals will be included on the circuit 
board. From these pins, we will be able to connect the various H-bridge circuits, transceiver 
circuits, and sensors to the microcontroller. Electrical schematics of this board and its 
connections are located in Appendix F. 
One primary power supply (7.2V 1700mAH NiCad battery-pack) will be used to power 
the electrical components of the rover. From this main supply, it will feed two voltage regulators 
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that will provide a reliable 5V and 7.2V supply. This will become our secondary voltage 
supplies. The 5V supply will be used to power the microcontroller, pull-up its respective signals, 
and power the transceiver circuit and sensors. The 7.2V regulator will be used to power two H-
Bridge circuits because the primary power supply is not always stable. It has the capability of 
exceeding the 7.2V rating and could possibly damage the H-Bridge circuits. The maximum 
power drawn from the supplies is approximately 122 mA. The primary supply chosen is well 
within specifications to supply this load. 
Accelerometer 
The accelerometer will provide the acceleration state of the vehicle. The acceleration data 
will be an input to the ATMega16 microcontroller. The microcontroller will in turn, process and 
calculate the velocity of the vehicle. This information will be used for controlling the speed of 
the vehicle. The current model provided by the Mechanical Engineering & Mechanics (MEM) 
Department is the ADXL105AQC made by Analog Devices. The advantages of this part are that 
it can measure both dynamic acceleration (for vibration) and static acceleration (for tilt) and is 
low cost. Appendix H contains additional information concerning this component. 
Magnetometer 
The magnetometer will provide direction orientation with respect to the earth’s magnetic 
field. The MEM Department has provided the Honeywell Three-Axis Magnetoresistive Sensor 
HMC1023 to investigate its applicability for use in the vehicle. Please refer to Appendix I for 
additional information on this component. The three axis signals from magnetometer will 
produce differential voltages which will be fed into an analog-to digital converter. The converted 
digital signals will then be sent into the microcontroller for processing. 
Camera Sensor 
The camera sensor will capture the image of the vehicle’s environment and will 
essentially be the “eyes” of the vehicle. The reason for implementing a camera sensor in this 
design is because it can be used for line-following and for obstacle detection. Instead of using 
two separate sensors such as an infrared LED sensor and sonar sensor to detect lines and 
obstacles, respectively, a single sensor can be used as a replacement. The initial goal of the 
camera sensor is to capture the image of a white background marked with a dark colored line. 
The objective will be to program the vehicle to track and to follow the colored line. As this 
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technique is improved, additional functionality of the camera will be for simple obstacle 
recognition. 
The specific camera sensor investigated in this design is the Logitech Quickcam Express 
Web camera (specifications in Appendix J). The reasons for this choice are that the camera is 
inexpensive and Logitech provides a software development kit which can be used to track color. 
Program Software 
Programming will play an important role in the design. In order for the sensors to work in 
conjunction with the ATMega16, the microcontroller will need to be programmed using an 
embedded C programming language. The advantage of using the ATMega16 is that there is a C 
compiler program (CodeVisionAVR) written specifically for the Atmel microcontroller. 
CodeVisionAVR, written by Pavel Haiduc of HP InfoTech S.R.L, is a completely integrated 
development environment (IDE) which allows for editing, compiling, part programming, and 
debugging to be performed from one personal computer (PC) Windows application [4]. 
CodeVisionAVR allows for smaller, more precise and efficient code which can utilize the many 
features of the Atmel microcontroller without waste [4]. 
The graphical user interface (GUI) is the display on the computer for which the user will 
see the data information from the accelerometer, magnetometer, and camera sensor. The GUI 
will be programmed using Microsoft Visual Basic (VB). VB was selected because it is relatively 
easy to learn and is very effective in GUI programming. 
B. Analysis, Testing and Validation 
Software packages such as PSpice can be used for circuit simulation prior to hardware 
implementation. It can be used to validate the functionality of the circuit design. All the circuit 
boards and wiring for the electrical components must be tested to make sure that they are 
working properly. One way to test this is to utilize a voltmeter to verify that there are no shorts in 
the circuit. In the programming / software aspects, CodeVisionAVR will be used to compile and 
debug microcontroller C code. The GUI will be debugged and compiled using Microsoft Visual 
Basic. 
Data received from the vehicle sensors will be stored and analyzed by the 
microcontroller. The data received from the sensors will be analyzed and fed back for motor 
control and compensation. The sensor data will be sent back via RS232 serial cable to a vehicle 
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guidance GUI. The image data from the camera sensor will be sent back via universal serial bus 
(USB) port. The VB program will process the incoming image data and feed back a compensated 
value to the microcontroller for motor input. 
There is no need for special facilities, only a 15’ x 15’ room with a flat surface. Testing 
will include the vehicle’s ability to follow a straight line initially. A reference point will be 
placed in front of the rover to measure the deviation from the line path. By experimenting 
through trial and error, the control algorithm code will be calibrated until deviation is minimized. 
Once deviation is minimized to within ±25% then an acceptable solution to the problem is 
obtained. This concludes the validation process. 
C. Further Research 
Upon completion of the proposed method of solutions mentioned above, further research 
for the camera sensor will focus upon obstacle avoidance and target tracking specifically. If time 
permits, additional research into wireless capabilities for data transfer will be investigated. 
D. Alternative Solutions 
An alternative solution for the accelerometer is to implement a tachometer. A tachometer 
measures rotational speed and can be used to determine the revolutions per minute (RPM) of the 
motor. In order for this to work, the resolution of the motors (in terms of distance per revolution) 
will first need to be determined. Once this information is acquired, the distanced traveled can be 
calculated and hence the linear speed of the vehicle can be obtained. 
In terms of direction, global positioning satellites (GPS) can be an alternate solution for 
direction orientation and position. However, the drawback to GPS is that it is difficult to use 
indoors because there is no clear line of sight to the satellites. 
There are alternative methods that can be implemented for the vehicle to follow a line. In 
place of using a web camera sensor to track a line, a color sensor may also be used. A color 
sensor is designed specifically to measure color based upon a color model, which is most 
commonly the red, green, blue (RGB) model [5]. The color sensor can determine the RGB value 
by one of two methods: (1) reflecting all three colors off the colored surface and measuring the 
outcome (2) taking in the normal output and breaking it down into individual color components 
[5]. One particular model researched is the TAOS TCS230 Color Sensor kit. The advantage of 
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color sensors is that it is ideal for use in line-following, but is limited to line-following and may 
not be effectively used for object detection. 
In the case that the proposed camera sensor does not meet our design requirements, a 
customized line following circuit will be implemented. The circuit will consist of an array of five 
integrated circuits, each composed of a LED and an infrared detector. Compared to the 
Lynxmotion line following sensor, this circuit will increase the position resolution of the line. 
This could potentially eliminate the “jerky” motion of the vehicle. 
III. Project Management Timeline 
The goal of the project is to construct a working prototype vehicle with the three sensors: 
accelerometer, magnetometer, and camera by the end of April 2004. Appendix B presents the 
Gantt chart which plans out the overall breakdown of schedules for the length of the project. The 
project will involve major phases and milestones that will need to be accomplished (Appendix 
C). The team meets two times a week in four hour sessions. Weekly meeting logs are recorded to 
document each step and phase of the design. 
The project team consists of members from the following academic disciplines: 
(2) Mechanical Engineering 
(1) Electrical Engineering 
(1) Computer Engineering 
The team members have combined background in controls theory, circuit design, 
microcontroller theory, and C++ programming. Two team members are currently taking a micro-
based controls system course which directly involves the study of the AVR microcontroller and 
its applications. Two team members have background in C++ programming and VB 
programming. These combinations of skill sets will play an important role in the design 
throughout the year. 
Each member of the team will be responsible for various tasks, but all the team members 
are encouraged to learn and ask questions on all the aspects of the project. The design team 
consists of four engineering students, one of which is the team leader. The team leader is 
responsible for communication and organization between all the engineers. This includes sending 
weekly emails about goals that need to be achieved, setting up weekly meetings to achieve those 
10 
goals, and keeping weekly meeting minutes of work done. These communication tasks are 
paramount for good team work and will aid in the progress of the project. 
Tasks of the project include, but are not limited to designing the hardware for the vehicle, 
building the circuits for all the sensors, programming the ATMega16 microcontroller using 
CodeVisionAVR for the sensors, and programming in VB for the camera sensor. These tasks 
will be evenly distributed to each member of the team including the team leader. The goal or 
focus is to promote a pleasant work environment so that all team members will be motivated to 
learn rather than just work. 
IV. Economic Analysis 
The MEM Department will provide the majority of the supplies and computing resources 
required for the project. The work will be held in the Alumni Engineering Lab (AEL) room 174 
located in the Main Building at Drexel University. The MEM Department has currently provided 
the accelerometer sensor, magnetometer sensor, Logitech QuickCam camera sensor, H-bridge, 
vehicle chassis (including motors and rechargeable battery), sockets, and electrical components. 
The out-of-pocket expense consists of the purchase of three ATMEL STK500 Microcontroller 
kits and one set of LED (IR & Photosensors) for a total of $252.00. The estimated budget for the 
prototype of the vehicle including the basic rover, microcontroller, accelerometer, magnetometer, 
camera and all circuits required is approximately $541.36 (Appendix D). 
The overall industry budget consists of accumulated engineering-hours, laboratory tools, 
office supplies and software license purchases. The budget factors eight hours per week for each 
engineer working for a period of 38 weeks (304 total hours per engineer). The industry budget 
totals an estimated cost of $96,202.72 (Appendix D). 
V. Societal and Environmental Impact Analysis 
The role of an engineer is to think of ways to help society with their designs, whether it is 
making difficult tasks easier or saving lives from harms way. The role of this vehicle is intended 
for military purposes. For applications in the real world, the semi-autonomous vehicle can follow 
a soldier in combat to a final destination. The vehicle can assist with carrying supplies so that the 
soldier will not have to expend energy on carrying bulky loads. Another application is to have 
these vehicles dropped behind enemy lines to survey the land. Information such as enemy 
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position and building structures can be captured by the vehicle and transmitted to a safe location 
for analysis. This will give the soldiers an idea of what the environment is like without putting 
their lives at risk. Losing expendable vehicles during combat is better than losing a priceless 
human life that in itself would justify the need of such a vehicle. 
In terms of environment analysis, the proposed vehicle will run on rechargeable battery 
power. The components used are simple electronic circuit boards, wires, microchips / 
microcontrollers, and do not produce any harmful waste to the environment. Proper disposal 
measures will have to be taken in order to appropriately dispose of the battery when it is at the 
end of its usable lifecycle. 
VI. Summary and Conclusion 
In order to reduce casualties of soldiers there is a need for semi-autonomous vehicles to 
perform scouting tasks that may be too dangerous for them on the battlefield. The target and 
main objective of this project is to produce a working prototype vehicle that will have the 
capability to visually follow a line via the camera sensor. From a central computer, the VB 
program will process the images taken from the camera sensor. The program will relay 
appropriate instructions to the vehicle to follow the line path. Position and velocity will also be 
recorded by this program via the magnetometer and accelerometer sensors. These three 
functionalities will be controlled and processed by the ATMega16 microcontroller. In the design 
process, necessary electrical and controls equipment need to be designed and integrated into the 
vehicle. Once the validation process is completed, testing will be performed. With this 
functionality, the vehicle can be used for assisting soldiers and scouting. At the conclusion of the 
project a working prototype of the semi-autonomous vehicle will be delivered. 
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Appendix D: Economic Analysis 
Budget for Building Concept-Demonstration Prototype 
Description 
Lynxmotion 4WD2 Robot Basic Kit 
ATMEL STK500 Microcontroller Kit 
Accelerometer Sensor (ADXL105QC) 
Magnetometer Sensor (HMC1023) 
Logitech QuickCam Express USB PC Video Camera 
H-Bridges 
Connector, Pin, Fem 
Radio Shack - Sockets, Wires, Capacitors, Resistors 
Voltage Regulators 
Qty 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Unit 
Each 
Each 
Each 
Each 
Each 
Each 
Pack 
Pack 
Each 
Cost Per 
$ 211.80 
$ 80.00 
$ 23.94 
$ 100.00 
$ 17.00 
$ 20.00 
$ 11.05 
$ 57.57 
$ 20.00 
Total 
Actual Cost 
$ 211.80 
$ 80.00 
$ 23.94 
$ 100.00 
$ 17.00 
$ 20.00 
$ 11.05 
$ 57.57 
$ 20.00 
$ 541.36 
Budget for Engineering Development Project 
Description 
Lynxmotion 4WD2 Robot Basic Kit 
ATMEL STK500 Microcontroller Kit 
Accelerometer Sensor (ADXL105QC) 
Magnetometer Sensor (HMC1023) 
Logitech QuickCam Express USB PC Video Camera 
LED (IR & Phototransistor) 
H-Bridges 
Transmitter (TXM-433-LC) 
Receiver (RXM-433-LC-S) 
Antennas (ANT-433-CW-HD) 
Connector, Pin, Fem 
Radio Shack - Sockets, Wires, Capacitors, Resistors 
Voltage Regulators 
Wire Wrapper 
Laboratory Tools 
Office Supplies 
Qty 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Unit 
Each 
Each 
Each 
Each 
Each 
Lot 
Each 
Each 
Each 
Each 
Pack 
Pack 
Each 
Each 
Lot 
Lot 
Cost 
Per 
$ 211.80 
$ 80.00 
$ 23.94 
$ 100.00 
$ 17.00 
$ 12.00 
$ 20.00 
$ 6.90 
$ 13.79 
$ 15.22 
$ 11.05 
$ 57.57 
$ 20.00 
$ 20.05 
$ 200.00 
$ 200.00 
Total 
Actual 
Cost 
$ 211.80 
$ 240.00 
$ 23.94 
$ 100.00 
$ 17.00 
$ 12.00 
$ 20.00 
$ 6.90 
$ 13.79 
$ 15.22 
$ 11.05 
$ 57.57 
$ 20.00 
$ 20.05 
$ 200.00 
$ 200.00 
$ 1,169.32 
Out-of-
Pocket 
$ 0.00 
$ 240.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 12.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 0.00 
$ 252.00 
Industry Budget 
Cost per Unit Total Units Total Cost 
Employees 
Mechanical Engineer 
Electrical Engineer 
Computer Engineer 
Project Manager 
Software Licensing 
Materials 
$30.00 / hour 
$30.00 / hour 
$30.00 / hour 
$50.00 / hour 
$5,000.00 
$541.36 
304 hours 
304 hours 
304 hours 
304 hours 
1 
1 
Total Labor, Software, Materials 
Overhead @ 100% 
Total Industrial Budget 
$ 9,120.00 
$ 9,120.00 
$ 9,120.00 
$ 15,200.00 
$ 5,000.00 
$ 541.36 
$ 48,101.36 
$ 48,101.36 
$ 96,202.72 
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Appendix E: 
Lynxmotion 4WD2 Robot Basic Kit 
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Appendix F: 
ATMega16 & Components Schematic 
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Appendix G: 
Atmel ATMega16 Microcontroller Datasheet 
Features 
• High-performance, Low-power AVRe 8-bit Microcontroller 
• Advanced RISC Architecture 
- 131 Powerful Instruct ions- Most Single-clock Cycle Execution 
- 32 x 8 General Purpose Working Registers 
- Fully Static Operation 
- Up to 16 MIPS Throughput at 16 MHz 
- On-chip 2-cycle Multiplier 
• Nonvolatile Program and Data Memories 
- 16K Bytes of In-System Self-Programmable Flash 
Endurance: 10,000 Write/Erase Cycles 
- Optional Boot Code Section with Independent Lock Bits 
In-System Programming by On-chip Boot Program 
True Read-While-Write Operation 
- 512 Bytes EEPROM 
Endurance: 100,000 Write/Erase Cycles 
- 1KByte Internal SRAM 
- Programming Lock for Software Security 
• JTAG (IEEE std. 1149.1 Compliant) Interface 
- Boundary-scan Capabilities According to the JTAG Standard 
- Extensive On-chip Debug Support 
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface 
• Peripheral Features 
- Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes 
- One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture 
Mode 
- Real Time Counter with Separate Oscillator 
- Four PWM Channels 
- 8-channel, 10-bit ADC 
8 Single-ended Channels 
7 Differential Channels in TQFP Package Only 
2 Differential Channels with Programmable Gain at 1x, 10x, or200x 
- Byte-oriented Two-wire Serial Interface 
- Programmable Serial USART 
- Master/Slave SPI Serial Interface 
- Programmable Watchdog Timer with Separate On-chip Oscillator 
- On-chip Analog Comparator 
• Special Microcontroller Features 
- Power-on Reset and Programmable Brown-out Detection 
- Internal Calibrated RC Oscillator 
- External and Internal Interrupt Sources 
- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby 
and Extended Standby 
• I/O and Packages 
- 32 Programmable I/O Lines 
- 40-pin PDIP, 44-lead TQFP, and 44-pad MLF 
• Operating Voltages 
- 2.7-5.5V for ATmega16L 
- 4.5-5.5V for ATmega16 
• Speed Grades 
- 0 - 8 MHz for ATmega16L 
- 0-16MHzforATmega16 
• Power Consumption @ 1 MHz, 3V, and 25C for ATmega16L 
- Active: 1.1 mA 
- Idle Mode: 0.35 mA 
- Power-down Mode: < 1 uA 
8 bit A Y * 
Microcontroller 
with 16K Bytes 
In-System 
Programmable 
Flash 
ATmega16 
ATmega16L 
24G6G-AVR-10/03 
23 
Appendix G: 
Atmel ATMega16 Microcontroller Datasheet 
jflnJiE 
Pin Configurations Figure 1. Pinouts ATmega16 
(XCK/TO) 
(Ti l 
(INT2/AIN0) 
(OC0/AIN1) 
(SS) 
PBQ C 
PB1 IZ 
PB2 IZ 
PB3 rz 
PB4 C 
(MOSI) PBS \Z 
(MISO) PB6 IZ 
(SCK) PB7 H 
RESET C 
VCC IZ 
GND IZ 
XTAL2 IZ 
XTAL1 \z 
(RXD) 
(TXD) 
(INTO) 
(INT1) 
(OC1B) 
(OC1A) 
(ICP1) 
PDO IZ 
PD1 IZ 
PD2 IZ 
PD3 IZ 
PD4 IZ 
PD5 IZ 
PD6 IZ 
1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
PDIP 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
26 
27 
2fi 
25 
24 
23 
22 
21 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
PAD (ADCQ) 
PA1 (ADC'I) 
PA2 (ADC2) 
PA3 (ADC3) 
PA4 (ADC4) 
PA5 (ADC5) 
PA6 (ADC6) 
PA7 (ADC7) 
AREF 
GND 
AVCC 
PC7 (TOSC2) 
PC6 (TOSC1) 
PC5 (TDI) 
PC4 (TDO) 
PC3 (IMS) 
PC2 (TCK) 
PC1 (SDA) 
PCO (SCL) 
PD7 (OC2) 
TQFP/MLF 
Ico < < 
o r « n 
o g o o 
Q Q Q D 
Q . D _ C L C L C L C 5 > C L D . C L Q . 
nnnnnnnnnnn 
RESET 
VCC 
GM) 
XTAL2 
XTALI 
(RXD) PDO 
(TXD) PD1 
(INTO) PD2 
uuuuuuuuuuu 
l a o a o z ^ u o u 
D _ D . Q _ D _ D _ > t 5 C L Q . D _ C L 
«- CD < T - <M t T- ? a. o 2 g o u o - C O ' B 
J < i : to O Q o E 
PA4 (ADC4) 
PAS (ADC5) 
PA6 (ADC6) 
PA7 (ADC7) 
AREF 
GND 
AVCC 
PC7 (TOSC2) 
PC6 (TOSC1) 
PC5 (TDI) 
PC4 (TDO) 
Disclaimer Typical values contained in this datasheet are based on simulations and characteriza­
tion of other AVR microcontrollers manufactured on the same process technology. Min 
and Max values will be available after the device is characterized. 
ATmega16(L) 
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ATmega16(L) 
Overview The ATmega16 is a low-power CMOS S-bit microcontroller based on the AVR enhanced 
RISC architecture. By executing powerful instructions in a single clock cycle, the 
ATmega16 achieves throughputs approaching 1 MIPS per MHz allowing the system 
designer to optimize power consumption versus processing speed. 
Block Diagram Figure 2. Block Diagram 
?AO - PA7 
^ " S ^ ^ T ^ ^ ^ ^ 
PORTA DRIVERS/BUFFERS = C:R"C D=?l E " . - : - E L - " = ? L : 
=■<:■ =rA j | r : | - A _ \~=^.F±CE -o=:~: ::ic- TAL IK-E^FACE 
MUX & 
ADC 
INSTRUCTION 
DECODER 
C E N E ^ _ 
PURPOSE 
REGISTERS 
CONTROL 
LINES 
OSCILLATOR 
OSCILLATOR 
MCU CTRL. 
& TIMING 
NTERNAL 
CALIBRATED 
OSCILLATOR 
IE □: =-o=r=> ::i::- T-.L INTE-.F^ : = 
PORTB DRIVERS/BUFFERS 
-CR~: : ::h? "AL I I . ~ E ^ F A : : : E 
PORTD DRIVERS/EL — ERS 
""T—T—T—T—T—T—T—T-
XTAL2 " 
RESET 
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The AVR core combines a rich instruction set with 32 general purpose working registers. 
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing 
two independent registers to be accessed in one single instruction executed in one clock 
cycle. The resulting architecture is more code efficient while achieving throughputs up to 
ten times faster than conventional CISC microcontrollers. 
The ATmega16 provides the following features: 16K bytes of In-System Programmable 
Flash Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K 
byte SRAM, 32 general purpose I/O lines, 32 general purpose working registers, a 
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three 
flexible Timer/Counters with compare modes, Internal and External Interrupts, a seria 
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit 
ADC with optional differential input stage with programmable gain (TQFP package only), 
a programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and six 
software selectable power saving modes. The Idle mode stops the CPU while allowing 
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and 
interrupt system to continue functioning. The Power-down mode saves the register con­
tents but freezes the Oscillator, disabling all other chip functions until the next Externa 
nterrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues 
to run, allowing the user to maintain a timer base while the rest of the device is sleeping. 
The ADC Noise Reduction mode stops the CPU and all I/O modules except Asynchro­
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby 
mode, the crystal/resonator Oscillator is running while the rest of the device is sleeping. 
This allows very fast start-up combined with low-power consumption. In Extended 
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run 
The device is manufactured using Atmel's high density nonvolatile memory technology. 
The On-chip ISP Flash allows the program memory to be reprogrammed in-system 
through an SPI serial interface, by a conventional nonvolatile memory programmer, or 
by an On-chip Boot program running on the AVR core. The boot program can use any 
interface to download the application program in the Application Flash memory. Soft­
ware in the Boot Flash section will continue to run while the Application Flash section is 
updated, providing true Read-While-Write operation. By combining an S-bit RISC CPU 
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmega16 is 
a powerful microcontroller that provides a highly-flexible and cost-effective solution to 
many embedded control applications. 
The ATmega16 AVR is supported with a full suite of program and system development 
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit 
emulators, and evaluation kits. 
Pin Descriptions 
VCC Digital supply voltage. 
GND Ground. 
Port A (PA7..PA0) Port A serves as the analog inputs to the A/D Converter. 
Port A also serves as an S-bit bi-directional I/O port, if the A/D Converter is not used. 
Port pins can provide internal pull-up resistors (selected for each bit). The Port A output 
buffers have symmetrical drive characteristics with both high sink and source capability. 
When pins PAO to PA7 are used as inputs and are externally pulled low, they will source 
current if the internal pull-up resistors are activated. The Port A pins are tri-stated when 
a reset condition becomes active, even if the clock is not running. 
ATmegal 6(L) ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
2466G-AVR-10/Q3 
26 
Appendix G: 
Atmel ATMega16 Microcontroller Datasheet 
ATmega16(L) 
Port B (PB7..PB0) 
PortC(PC7..PC0) 
PortD(PD7..PD0) 
RESET 
XTAL1 
XTAL2 
AVCC 
AREF 
Port B is an S-bit bi-directional I/O port with internal pull-up resistors (selected for each 
bit). The Port B output buffers have symmetrical drive characteristics with both high sink 
and source capability. As inputs, Port B pins that are externally pulled low will source 
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset 
condition becomes active, even if the clock is not running. 
Port B also serves the functions of various special features of the ATmegal 6 as listed 
on page 56. 
Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each 
bit). The Port C output buffers have symmetrical drive characteristics with both high sink 
and source capability. As inputs, Port C pins that are externally pulled low will source 
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset 
condition becomes active, even if the clock is not running. If the JTAG interface is 
enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2(TCK) will be acti­
vated even if a reset occurs. 
Port C also serves the functions of the JTAG interface and other special features of the 
ATmega16 as listed on page 59. 
Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each 
bit). The Port D output buffers have symmetrical drive characteristics with both high sink 
and source capability. As inputs, Port D pins that are externally pulled low will source 
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset 
condition becomes active, even if the clock is not running. 
Port D also serves the functions of various special features of the ATmegal 6 as listed 
on page 61. 
Reset Input. A low level on this pin for longer than the minimum pulse length will gener­
ate a reset, even if the clock is not running. The minimum pulse length is given in Table 
15 on page 36. Shorter pulses are not guaranteed to generate a reset. 
Input to the inverting Oscillator amplifier and input to the internal clock operating circuit. 
Output from the inverting Oscillator amplifier. 
AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally 
connected to Vcc , even if the ADC is not used. If the ADC is used, it should be con­
nected to Vc c through a low-pass filter. 
AREF is the analog reference pin for the A/D Converter. 
About Code 
Examples 
This documentation contains simple code examples that briefly show how to use various 
parts of the device. These code examples assume that the part specific header file is 
included before compilation. Be aware that not all C Compiler vendors include bit defini­
tions in the header files and interrupt handling in C is compiler dependent. Please 
confirm with the C Compiler documentation for more details. 
24G6G-AVR-10/03 
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ANALOG 
DEVICES 
Accuracy ± 1 g to ±5 g Single Axis 
/MEMS®Accelerometer with Analog Input 
FEATURES 
Monolithic IC Chip 
2 mg Resolution 
10 kHz Bandwidth 
Flat Amplitude Response l±1%) to 5 kHz 
Low Bias and Sensitivity Drift 
Low Power 2 mA 
Output Ratiometric to Supply 
User Scalable g Range 
On-Board Temperature Sensor 
Uncommitted Amplifier 
Surface Mount Package 
+2.7 V to +5.25 V Single Supply Operation 
1000 g Shock Survival 
APPLICATIONS 
Automotive 
Accurate Tilt Sensing wi th Fast Response 
Machine Health and Vibration Measurement 
Affordable Inertial Sensing of Velocity and Position 
Seismic Sensing 
Rotational Acceleration 
FUNCTIONAL BLOCK DIAGRAM 
COM COM A„,1T V „ l n V, 'OU  VMID VNIN VIN 
GENERAL DESCRIPTION 
The ADXL105 is a high performance, high accuracy and com­
plete single-axis acceleration measurement system on a single 
monolithic IC, The ADXL105 offers significantly increased 
bandwidth and reduced noise versus previously available micro-
machined devices. The ADXL105 measures acceleration with a 
full-scale range up to ± 5 g and produces an analog voltage out­
put. Typical noise floor is 225 u^ 'Hz allowing signals below 
2 m^to be resolved. A 10 kHz wide frequency response enables 
vibration measurement applications. The product exhibits signifi­
cant reduction in offset and sensitivity drift over temperature 
compared to the ADXL05, 
The ADXL105 can measure both dynamic accelerations, (typi­
cal of vibration) or static accelerations (such as inertial force, 
gravity or tilt). 
Output scale factors from 250 m\'ig to 1.5 V/rf are set using the 
on-board uncommitted amplifier and external resistors. The 
device features an on-board temperature sensor with an output 
of S mV/°C for optional temperature compensation of offset vs. 
temperature for high accuracy application. 
The ADXL105 is available in a hermetic 14-lead surface mount 
Cerpak with versions specified for the 0°C to +70°C, and 
-40°C to +85°C temperature ranges. 
'Patent Pending. 
/MEMS is a registered trademark of Anaiog Devices, Inc. 
REV. A 
Information furnished by Analog Devices is believed to be accurate and 
reliable. However, no responsibility is assumed by Analog Devices for its 
use, nor for any infringements of patents or other rights of third parties 
which may result from its use. No license is granted by implication or 
otherwise under any patent or patent rights of Analog Devices. 
OneTechnologyWaYrP.O. Box 9106, Norwood, MA02062-9106, U.S.A. 
Tel: 781/329-4700 World Wide Web Site: ht1p://www.analog.com 
Fax: 781/326-8703 ©Analog Devices, Inc., 1999 
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ADXL105-SPECIFICATI0NS : +5 V, @ Acceleration = 0 g, unless otherwise noted) 
Paramete r 
SENSOR INPUT 
Measurement Range1 
Nonlinearity 
Alignment Error2 
Cross Axis Sensitivity3 
SENSITIVITY4 (Ratiometric) 
Initial 
vs. Temperature5 '6 
ZERO g BIAS LEVEL5 (Ratiometric) 
Zero g Offset Error 
vs. Supply 
vs. Temperature5 '7 
NOISE PERFORMANCE 
Voltage Density'1 
Noise in 100 Hz Bandwidth 
FREQUENCY RESPONSE 
3 dB Bandwidth 
Sensor Resonant Frequency 
TEMP SENSOR4 (Ratiometric) 
Output Error at +25°C 
Nominal Scale Factor 
Output Impedance 
VMID4 (Ratiometric) 
Output Error 
Output Impedance 
SELF-TEST (Proportional to VDD) 
Voltage Delta at Aour 
Input Impedance8 
AQUT 
Output Drive 
Capacitive Load Drive 
UNCOMMITTED AMPLIFIER 
Initial Offset 
Initial Offset vs. Temperature 
Common-Mode Range 
Input Bias Current9 
Open Loop Gain 
Output Drive 
Capacitive Load Drive 
POWER SUPPLY 
Operating Voltage Range 
Quiescent Supply Current 
Turn-On Time 
TEMPERATURE RANGE 
Operating Range J 
Specified Performance A 
Conditions 
Best Fit Straight Line 
Z Axis, (a. +25°C 
At AOUT 
Vs - 2.7 V 
AtA 0 U T 
From +2.5 V Nominal 
@ +25°C 
From +2.5 V Nominal 
From +2.5 V Nominal 
Self-Test "0" t o " l " 
I = +50MA 
1= ±100 uA 
At 5.0 V 
At 2.7 V 
Min 
±5 
225 
SO 
-625 
-20 
10 
13 
-100 
-15 
100 
30 
0.50 
1000 
-25 
1.0 
0.25 
1000 
2.70 
0 
^10 
ADXL105J/A 
Typ 
±7 
0.2 
±1 
±1 
250 
105 
±0.5 
50 
225 
2.25 
12 
18 
8 
10 
10 
50 
5 
25 
100 
1.9 
1.3 
700 
Mas 
±5 
275 
120 
+625 
+20 
325 
+ 100 
+ 15 
500 
Vs - 0.5 
+25 
4.0 
Vs - 0.25 
5.25 
2.6 
2.0 
+70 
+85 
Units 
g 
% ofFS 
Degrees 
% 
mVlg 
mV/g 
% 
mV 
mV/VDD;V 
raV 
M#VHZ 
rrnj rms 
mz 
kHz 
mV 
mV,"C 
kn 
mV 
kQ 
mV 
kQ 
V 
P F 
mV 
N.WC 
V 
nA 
V/mV 
V 
pF 
V 
mA 
mA 
US 
°C 
°C 
NOTES 
Guaranteed by tests of zero jjbiasj sensitivity and output swing-
- Alignment of the X axis is with respect to the long edge of the bottom half of the Cerpak package. 
3Cross axis sensitivity is measured with an applied acceleration in the Z axis of the device. 
*Tliis parameter is ratiometric to the supply voltage VDD Specification is shown with s 5.0 V VDD. To calculate approximate values at another VDDJ multipLv flic1 specification by 
W 5 V. 
^Specification refers to the maximum chsnge in parameter from its initial value at +25^0 to its worst case value at TJJJJ^ to T^j^. 
6See Figure- 3. 
'See Figure 2. 
*CMOS and TTL Compatible. 
?UCA input Mas current is tested at final test. 
All min and max specificatkms are guaranteed. Typical specifications are not tested or guaranteed. 
Specifications subject to change without notice. 
- 2 - REV. A 
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ADXL105 
ABSOLUTE MAXIMUM RATINGS* 
Acceleration (Any Axis, Unpowered for 0.5 ms) 1000 g 
Acceleration (Any Axis, Powered for 0.5 ms) 500 g 
+VS -0 ,3 V to +7,0 V 
Output Short Circuit Duration 
(Any Pin to Common) Indefinite 
Operating Temperature —55"C to H-125'5C 
Storage Temperature - 6 5 : C to +150°C 
♦Stresses above those listed under Absolute Maximum Ratings may cause perma­
nent damage to the device:. This is a stress rating only; the functional operation of 
the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 
Package Charact 
Package 
14-Lead Cerpak 
■ristics 
Bji 
110°C7W 
9jc 
30°C/W 
ORDERING GUIDE 
Model 
ADXL105JQC 
ADXL105AQC 
T e m p e r a t u r e Range 
0°C to +70°C 
-40°C to +85°C 
Device Weight 
<2 Grams 
Package Opt ion 
QC-14 
QC-14 
CAUTION 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the ADXL105 featutes proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality, 
Drops onto hard surfaces can cause shocks of greater than 1000 g 
and exceed the absolute maximum rating of the device. Care should 
be exercised in handling to avoid damage. 
P in No. 
1 
2, 3, 5 
4 
6 
7 
S 
9 
10 
11 
12 
13, 14 
PIN FUNCTION DESCRIPTIONS 
N a m e 
TOUT 
NC 
COM 
ST 
COM 
Aour 
VlfflD 
^NIN 
VIN 
U C A O U T 
V D D 
Descr ipt ion 
Temperature Sensor Output 
No Connect 
Common 
Self-Test 
Common (Substrate) 
Accelerometer Output 
VDD/2 Reference Voltage 
Uncommitted Amp Noninverting Input 
Uncommitted Amp Inverting Input 
Uncommitted Amp Output 
Power Supply Voltage 
PIN CONFIGURATION 
3 
3 
3 
3 
3 
3 
3 
■OUTE 
NC[T 
NC|T 
ST[T 
GOM[T 
3VDC 
3 v 
3 U C A ° ,—i AOXL105 i—. 
COM [7 T O P V , I E W n\vm 
NC r j [Not to Scale] ^ ^ 
IKlD 
3<w 
NC-NOCONNECt 
eeeHHEiEL 
LdLdLiJLdyLdLd 
3 
3 
JJ 
3 
3 
3 
3 
Figure 7. ADXL105 Response Due to Gravity 
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HMC1023 
MR SENSOR CIRCUIT / PINOUT SPECIFICATIONS 
X-Out+ X-Out- Y-Out + VCC Y-Out- Z-Out+ Z-Out-
f f f T f f ' 
8 9 14- 13 1 11 12 
Z-Off+ m-S-
Y-OH+ t-^-
v ruf , - ° -^Wn ^ W - 2 - . Z-Off-
^ - » Y-OFf-
- i - X-OFf-
2 . Set-
Ss t i 
V AXIS DIRECTION 
X-Out+ 8 
X-Off- 7 
X-Off+ 6 
Z-Off- 5 
Z-Off + 4 
Y-Off+ 3 
S/R- 2 
Y-Out- 1 
0 
O 
O 
O 
O 
o 
o 
o □ 
o 
0 
0 
0 
0 
0 
a 
0 
9 
10 
11 
12 
13 
14 
X-Out-
S/R+ 
Z-Out+ 
Z-Out-
VCC 
Y-Out+ 
15-GND 
T6 Y-Off-
XAXIS 
DIRECTION 
Bottom View 
Side View 
, 1 1 U ' < j ' < j ^ l 
y o.o ooe±o.oo2 (o.20±ao5) T 0.016(0.41 Ret) 
(millimeters) 
Bottom View 
0.039 (1.00 Ret) 
-0.022 (D.57 Ret) 
0.320±0.00 5 (S. 1 3±0.13) 
\ 
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HMC1023 
KEY PERFORMANCE DATA 
> 
£ 
"5 
> 
■J i-i H 
Sensor output vs magnetic field 
after being set or reset 
X 
s 
.^  
s* 
Vb=5V 
yS 
2 sweeps 
y 
N 
s s 
» 
y 
Reset 
— ■—Set 
% 
s 
s 
I I I I ' 
S 100 > 
c 
'£■ 
•J: 
1 
1 H II0 
1300 
1200 
1100 
10U0 
900 
Field (Oe) 
Sensor noise vs frequency 
■ 
"v, 
Vb=5V 
-
^ ^ " w 
Sensor output vs magnetic field 
Output is repeatable in field range ±20 Oe 
> 
E 
60 
20 
o o 
"5 -20 
-40 
0.1 1 10 100 
Frequency (Hz) 
Bridge resistance vs temperature 
-60 
Vb =5V 
2 sweeps 
-20 -15 -10 -5 0 5 
Field (Oe) 
10 15 20 
1.3 
1.2 
V 11 
| 1 
l " 
0.8 
Sensitivity vs temperature 
Constant voltage power supply 
■-.':■ 
0.7 
■ \ 
; 
': 
': 
'■ 
': 
■ 
Vb-6V 
^ 
lOuu -25 0 25 50 7G 
Temperature (C) 
Effects of set/reset pulse variation 
2\i sec pulse duration, S/R voltage >4V is recommended 
Vt>-6V 
Hull Voltage (niV) (Set) 
Null Voltage (mV) (Reset) 
■Sensitivity (mV/V/Oe) (Set) 
■«—Sensitivity imV.UOe) (Reset)-
-50 -25 0 26 50 75 100 125 
Temperature (C) 
0 1 2 3 
Set/Reset Voltage (V) 
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HMC1023 SENSOR PRODUCTS 
SPECIFICATIONS 
Characteristic 
Bridge Supply 
Bridge Resistance 
Operating Temperature 
Storage Temperature 
Field Range 
Linearity Error 
Three-Axis Orthogonality 
Hysteresis Error 
Repeatability Error 
Bridge Offset 
Sensitivity 
Noise Density 
Resolution 
Bandwidth 
OFFSET Strap 
OFFSET Strap QTempco 
OFFSET Field 
Set/Reset Strap (1) 
Set/Reset Current (1) 
Disturbing Field 
Sensitivity Tempco 
Bridge Offset Tempco 
Resistance Tempco 
Cross-Axis Effect 
Max. Exposed Field 
Conditions 
Vbridge referenced to GND 
Bridge current = 5mA 
Ambient 
Ambient, unbiased 
Full scale (FS) — total applied field 
Best fit straight line ±1 gauss 
(at 25° C) ±3 gauss 
±6 gauss 
Angle from 90° 
3 sweeps across ±3 gauss @ 25° C 
3 sweeps across ±3 gauss @ 25° C 
Offset = (OUT+) - (OUT-), Field=0 gauss 
after Set pulse, Vbridge=5V 
At Vbridge=5V 
Noise at 1 Hz, Vbridge=5V 
Bandwidth=10Hz, Vbridge=5V 
Magnetic signal (lower limit = DC) 
Measured from OFFSET+ to OFFSET-
TA=-40to125°C 
Field applied in sensitive direction 
Measured from S/R+ to S/R-
2uS current pulse 
Sensitivity starts to degrade. Use S/R 
pulse to restore sensitivity. 
TA=-40 to 125° C Vbridge=5V 
I bridge=5 mA 
TA=-40 to 125° C no 
Set/Reset 
lbridge=5mA with Set/Reset 
Vbridge=5V,-40 to 125° C 
Cross fi eld=1 gauss 
(seeAN-205) Happl ied=± 1 gauss 
No perming effect on zero reading 
Min 
3 
250 
-40 
-55 
-6 
-10 
0.8 
40 
4.0 
2.0 
1.5 
20 
-2800 
Typ 
5 
350 
0.05 
0.4 
1.6 
±1 
0.08 
0.08 
±2.5 
1.0 
48 
85 
5 
50 
3900 
4.6 
3.0 
2.0 
-3000 
-600 
±500 
±10 
2500 
+0.3 
Max 
12 
450 
125 
125 
+6 
+10 
1.2 
60 
6.0 
4.0 
4.0 
-3200 
200 
Unit 
Volts 
Q 
°C 
°C 
gauss 
%FS 
degrees 
%FS 
%FS 
mV 
mV/V/gauss 
nVAHz 
ugauss 
MHz 
Q 
ppm/°C 
m A/gauss 
n 
Amp 
gauss 
ppm/°C 
ppm/° C 
ppm/':' C 
%FS 
gauss 
(1) Three in parallel. Units: 1 gauss (G) = 1 Oersted (in ain\ 1G = 79.58 A;'m. 
1G = 10E-4TeslaH 1G = 10E5 gamma 
Honeywell reserves the right to make changes to any products or technology herein to improve reliability, function or design. Honeywell does not assume any liability 
arising out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
Honeywell 
900252-Rev A 
02/00 
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